dedicated to the advancement of computer simulation methodologies. Each year, millions of dollars are spent on software to support modeling projects. Even so, implementation efforts are not always successful (Duff, 1991; Houston, 1985; Keller, Harrell, & Leavy, 1991) .
Suggestions, often based on personal experiences, have been proposed to enhance simulation project success (Cox, 1989; Mabrouk, 1994) . These recommendations usually reflect one of two perspectives. The first is a systems development viewpoint, suggesting that success may be obtained by following specific steps that ensure the completion of significant processes within a modeling project. Nearly all studies completed in this area have been speculative and offer suggestions for success based on personal experience (Fossett, Harrison, Weintrob, & Gass, 1991; Withers, Pritsker, & Withers, 1993) .
The second perspective focuses on implementation (Banks, 1991; Haider & Banks, 1986) . Factors affecting successful model development and usage are identified and measured with regard to a specific simulation project. Two empirical studies exemplify this perspective. McHaney and Cronan (2000) found simulation success linked to implementation characteristics such as simulation software, operational cost, software environment, simulation output, organizational support, initial investment, and simulation task. In a related study, McHaney and White (1998) found that important characteristics used in software adoption decisions included modeling flexibility, problemsolving capability, quality of documentation, execution speed, vendor reliability/customer support, vendor stability/history, and user-friendliness.
This study also centers on implementation and relies on the literature for items expected to promote simulation project success. The systems development paradigm was not used because there are too many systems development methodologies found in the literature, which vary in both technique and semantics. Terminology and development phase activities must be standardized before the systems development approach can be empirically analyzed.
Method
A contingency framework, based in part on prior decision support system studies conducted by McHaney and Cronan (2000) , provides structure for the study. Earlier pilot studies (McHaney & Cronan, 1998) and other empirical studies (McHaney, White, & Hightower, 1999; McHaney & White, 1998 ) also provide a foundation for the research.
Questionnaires were mailed to 503 users of discrete event computer simulation. The candidates were randomly selected from the membership list of the Society for Computer Simulation and a list of contributors to a recent Winter Simulation Conference. Each candidate received a preletter asking for help, followed by the survey packet and, finally, a reminder card. The packet contained two questionnaires, one for reporting a successful simulation effort and the second for a less than successful or failed effort.
From 503 packets sent, 199 questionnaires were returned. Fourteen of these were returned unopened due to address changes or employee turnover, 59 indicated respondents would be unable to participate in the study, and 126 contained usable data. Forty of the usable questionnaires were paired (both successful and less than successful simulations reported by the same source), leaving 106 unique respondents and a net response rate of 21.7%.
Several demographic measures were tested to determine their influence on the return of a successful or less than successful project survey. These included occupation, years of experience, software package used, animation use, animation/statistics importance, and use of external vendors. None of the potential confounds were significantly correlated with the self-rated success or failure of a project.
Results
The questionnaire contains 77 items. Respondents rated the degree to which each item was present in their selected simulation projects. Tables 1 through 12 contain the 77 items grouped into a framework of categories suggested by McHaney and Cronan (2000) . For each item, results are summarized for successful projects (n = 79), failed projects (n = 47), and a combined result for all projects (n = 126). Columns are presented for the weighted average of item scores, the standard deviations of the scores, and the item's rank as another way of representing average scores. The difference between the item scores for successful and failed projects is computed, and items with significantly different ratings between successful and failed projects (p value of .10 or less) are indicated. A discussion of results in each category follows.
Simulation usage characteristics
A major consideration for discrete event computer simulation concerns the individual using the software (Law & McComas, 1992) . How important are the skills and training of the person developing the model? Do these attributes differ in successful and failed simulation projects?
Although the literature is not well developed in this area, several authors have discussed the importance of the analyst's background and its relevance to simulation success (Law & McComas, 1992; Mabrouk, 1994; McHaney, 1991) . Background refers to prior simulation project experience and knowledge of the type of system being modeled. Without an appropriate level of experience in these areas, success may be hard to achieve.
Appropriate simulation-related education also plays an important role in successful modeling (Law & McComas, 1992) . Education may be obtained from private vendor training or through academic programs. Table 1 contains the three survey items used to measure analyst characteristics and the corresponding results.
Although formal simulation education and system experience were expected to be important factors differentiating successful and failed projects, there were no significant differences in the two groupings. A statistical difference was discovered with simulation experience. Successful projects reported having analysts with more simulation experience. Analyst's experience with simulation ranked as the 2nd most important characteristic in successful projects, but as only the 14th most important characteristic in failed projects.
Simulation software provider characteristics
The importance of software vendors to the success of simulation projects has been implied in the literature (Might, 1993) . This finding is supported in the current study, with nearly 71% of the respondents indicating reliance on external simulation language or simulator software. The respondents identified vendor products and services ranging from sales of proprietary simulation and animation software packages to full consulting/implementation services. Table 2 lists the items tested in this area.
Evaluating vendors prior to software acquisition provides insight into the stability of both the vendors and their products. Prepurchase evaluation also ensures that the simulation software will be sufficient for the simulation project. Various evaluation methods have been recommended (Banks, 1991; Gouskos, 1992; Law & Haider, 1989; Min, 1992; Nwoke & Nelson, 1993) . One particular method focuses on the general level of customer support. This support is a key to simulation success through training, quality documentation, technical support, and frequent software enhancements/ updates. With the exception of vendor documentation, the study found no significant differences for the items in this category. It is interesting to note, however, that in both the successful and failed projects, software vendor history, stability, reliability, and reputation were highly rated. This indicates the software industry is providing a valuable service that is important to simulation users.
Simulation product characteristics
The simulation literature discusses many important implementation criteria in the area of product characteristics (Banks, 1991; Grant & Weiner, 1986; Haider & Banks, 1986; Law & Haider, 1989; Might, 1993; Min, 1992; Mott & Tumay, 1992; Nwoke & Nelson, 1993; Swain, 1991) . Product-related features are under the control of the software developer and intrinsic to the modeling process. The range of features is great. To better address this variety, six subcategories of product characteristics have been identified. Banks (1991) classified several simulation product characteristics into a group called input features. These characteristics facilitate the determination and coding of system inputs. Both qualitative and quantitative information can be considered (Banks, 1991; Haider & Banks, 1986; Law & McComas, 1992; Swain, 1991) . Table 3 lists the questionnaire items in this category.
Simulation software product input characteristics
Highly ranked software input characteristics included "software has global variables," "software is applicable to many problems," and "software has entity attributes." Because most simulation software products offer these features, no significant difference was found between successful and failed projects. However, based on the high rankings, modelers do value these features. Two items were found to vary significantly between failed and successful projects. "Model can run on different platforms" and "software has easy syntax or input method" were rated significantly higher on successful projects.
Simulation software product processing characteristics
These characteristics are related to the execution of the model. As with input characteristics, the overall importance of processing characteristics was rated highly. The "software uses desired hardware" item was ranked Number 1 among respondents of successful projects and Number 2 among respondents of failed projects. Table 4 shows the processing-related items. Banks (1991) and Law and Haider (1989) identified simulation product characteristics by describing features dealing with the physical constraints of the computer system and software. Significant differences were found to exist in these areas between successful and failed projects. Failed projects had significantly higher scores for "software ran too slowly" and "software or hardware limited model size." Simulation software product statistical characteristics
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Directed random events and the statistical interpretation of these events form the basis for discrete event computer simulation. Various statistical features required in the implementation of a simulation process have been identified (Banks, 1991; Law & Haider, 1989) . Table 5 lists the items relating to these functions.
Among the criteria rated in this category, independent replications, robust random number generators, and model warm-up period were rated quite high. However, no significant variation was discovered between failed and successful projects. Because a similar mix of software products was used in both failed and successful projects, statistical features were not found to be differentiating factors.
Simulation software product output characteristics
Unless the results of a simulation are communicated in an effective fashion, the model cannot contribute to the success of a project (Banks, 1991; Haider & Banks, 1986; Law & Haider, 1989; Nwoke & Nelson, 1993) . Table 6 shows the output characteristic items included in the survey.
Although most rankings in this category were similar, three items did have significantly different ratings between successful and failed projects. This indicates that although the modeling effort may have been adequate, the communication of results was not adequate and may have contributed to an overall failure of the project. A common method for exhibiting simulation results is through the creation of external files, which can become inputs for analysis tools such as spreadsheets (Banks, 1991) presentation software. This item was ranked 13th in successful projects and 34th in failed projects. Law and Haider (1989) suggested the presence of high-resolution graphics also plays an important role in simulation outputs. Not to be confused with animation, high-resolution graphics refer to the production of histograms and other statistical information in graphical format. "High-resolution output graphics" and "business quality graphics" were rated significantly higher in successful projects. If a simulation product offered neither high-resolution graphic output nor the ability to create external files, communicating the results could become difficult, making success harder to achieve. 
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Simulation software product environment characteristics
In addition to the simulation software itself, many vendors offer features outside the language but related to the software product environment (Banks, 1991; Haider & Banks, 1986; Law & Haider, 1989; Might, 1993) . Table 7 presents the environmental items tested in this study. Products that are easier to use increase the likelihood of successful implementation (Banks, 1991; Haider & Banks, 1986; Law & Haider, 1989; Might, 1993) . Environmental features are meant to make packages easier and faster to use. Rated features include an interactive debugging facility (Banks, 1991; Haider & Banks, 1986; Law & Haider, 1989) , user-friendly interface, built-in help (Banks, 1991) , and on-line tutorials (Banks, 1991) . Although these items are welcome additions to a software package, no significant differences in successful or failed projects were found.
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Animation characteristics
Animation software allows the simulation to be dynamically displayed on screen using a graphic format (Grant & Weiner, 1986; Wild & Port, 1987) . This method of enhancing a simulation has been hailed as an important contributor to the mainstreaming of the technology (Banks, 1991; Grant & Weiner, 1986; Swain, 1991) . Table 8 contains the animation items included in the survey. None of these items appeared significantly different in successful or failed projects. 
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Simulation costs
Costs are expected to be a major concern in most simulation product acquisitions (Banks, 1991; Might, 1993; Swain, 1991) and are considered in most development efforts. Various authors have identified areas of cost that may impact a simulation project. Among these are overall acquisition costs, maintenance costs, operation costs, and training costs. As evidenced by Table 9 , failed simulation projects were often characterized by higher costs in software, model modification, training, overall acquisition, and operation. This may indicate that first-time simulation users are not always well informed about the costs of simulation development. 
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Level of simulation product development
The simulation software provided by vendors varies in maturity and proven use. Might (1993) called this the level of simulation product development. Simulation software with a higher level of product development may be more robust and, therefore, a larger contributor to the success of a simulation projects. As shown in Table 10 of the items rated in this category varied significantly between failed and successful projects. Might (1993) stated that when selecting a simulation tool, the task for which the model is being created cannot be ignored. Other authors also emphasize the importance of the task or system being modeled (Law & McComas, 1992; McHaney, 1991; Swain, 1991) . The intended use of a simulation product should be known in advance of acquisition (Might, 1993; Swain, 1991) ; otherwise, software that matches the eventual requirements cannot be selected. Law and McComas (1992) and Might (1993) discussed the complexity and nature of the system being modeled. Although neither author implied a direct relationship between system or task complexity and project success, this element does raise concern as a potential stumbling block. The findings shown in Table 11 indicate a significant difference in one item-structured approach used in development. In other words, successful simulations projects are more likely to be developed using a systematic, structured approach.
Simulation task
Organizational support
Because a discrete event computer simulation package is generally used within an organizational environment, "corporate goals for simulation use" should be considered (Law & McComas, 1992) , as should teamwork, mentorship (Mabrouk, 1994) , and the frequency of expected future use (McHaney, 1992) . As shown in Table 12 , all four of these items were rated significantly higher on successful projects. In fact, several respondents attached comments to their failed project surveys indicating that lack of organizational support and lack of teamwork were major sources of failure in their effort.
Discussion of Results
Decision makers rely on discrete event computer simulation as an important decision support tool. For this reason, understanding the differences between successful and failed projects becomes very important. Based on the findings, failed projects were often characterized by high costs in operation, training, model modification, software, and overall acquisition as well as trouble with model size and the speed at which the software ran.
Successful projects, on the other hand, were characterized by teamwork, cooperation, and mentoring. Simulation outputs were communicated more effectively through graphic displays or by porting information into third-party software. Vendors supplied quality documentation and simulation software with easily understood syntax. The analyst had prior simulation experience and used a structured approach in model development. The developed model could be ported to various platforms. Finally, the project was consistent with corporate goals for simulation. 
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Conclusions
By understanding the simulation process and the characteristics of successful simulations, it should become easier to avoid common mistakes that can ruin a modeling effort. The objective for this study was to provide a better understanding of why simulation projects succeed or fail. By asking analysts to report on failed simulation projects, a different perspective was obtained. Although each project is unique, this research has created a composite view of general items related to failure or success. Initially, a set of candidate factors was developed based on recommendations found in the simulation literature. Survey questions were developed from these factors and used to empirically identify significant differences in successful and failed projects. This information will help practitioners recognize and avoid stumbling blocks that have plagued past simulation efforts. In addition, insight into the nature of simulation project failure will help software providers build safeguards that prevent users from making previously documented mistakes. This will ensure that future modeling efforts result in success. 
